Serial changes in left ventricular (LV) size and function during the adaptation to chronic pressure overload and the transition to pump failure were studied in 16 conscious dogs (aortic bands placed at 8 weeks of age). Echocardiographic data at baseline and at 3, 6, 9, and 12 months after banding revealed a progressive increase in LV mass in all dogs. In six dogs with LV pump failure, there was a progressive decline in circumferential fiber shortening (29+±4% at 12 months); this was significantly less than that seen in five littermate controls (38+±3%, p<0.05). The average LV to body weight ratio in this group was 9.8±2.7 g/kg. In 10 dogs without pump failure (compensated LVH group), shortening exceeded that seen in the controls (43 ±4%, p<0.05); the LV to body weight ratio was 7.7±1.0 g/kg. At 12 months (cardiac catheterization), the LV end-diastolic pressure was higher in the failure (25±+15 mm Hg) than in the compensated group (8±5 mm Hg, p <0.05); mean systolic stress was also higher in the failure group (313 ±67 g/cm2) than in the compensated group (202 ±53 g/cm2, p <0.05). The transmural distribution of myocardial blood flow was measured (at 12 months) with the radioactive microsphere technique; flow data were then related to an index of demand (a stress-time index). There was preferential blood flow to the subendocardial layers in the control (endo/epi= 1.28) and compensated hearts (endo/epi= 1.10), but in the failure group there was a relative decrease in subendocardial flow (endo/epi=0.92). However, the absolute values for subendocardial flow in the normal, compensated, and failure groups were 77±54, 125 ±48, and 113±64 ml/min/100 g; the stress-time indexes in the subendocardial shell were 38+11, 74±19, and 93 +34 g sec 102/cm2/min. Despite what appears to be a marginal balance between blood flow and the stress time index in the failure group, the myocardial high energy phosphates were not depleted and the inoptropic state was not depressed. In this model of LV hypertrophy, the observed differences in fiber shortening can be explained on the basis of the inverse afterloadshortening relation; pump failure was due to an inadequate LV hypertrophy with afterload excess. Pump failure due to afterload excess was associated with adequate subendocardial blood flow at rest; during exercise or other hemodynamic stress, however, these hearts are likely to be especially vulnerable to ischemia and its consequences. (Circulation 1989;79:872-883 
, and 12 months after banding revealed a progressive increase in LV mass in all dogs. In six dogs with LV pump failure, there was a progressive decline in circumferential fiber shortening (29+±4% at 12 months); this was significantly less than that seen in five littermate controls (38+±3%, p<0.05). The average LV to body weight ratio in this group was 9.8±2.7 g/kg. In 10 dogs without pump failure (compensated LVH group), shortening exceeded that seen in the controls (43 ±4%, p<0.05); the LV to body weight ratio was 7.7±1.0 g/kg. At 12 months (cardiac catheterization), the LV end-diastolic pressure was higher in the failure (25±+15 mm Hg) than in the compensated group (8±5 mm Hg, p <0.05); mean systolic stress was also higher in the failure group (313 ±67 g/cm2) than in the compensated group (202 ±53 g/cm2, p <0.05). The transmural distribution of myocardial blood flow was measured (at 12 months) with the radioactive microsphere technique; flow data were then related to an index of demand (a stress-time index). There was preferential blood flow to the subendocardial layers in the control (endo/epi= 1.28) and compensated hearts (endo/epi= 1.10), but in the failure group there was a relative decrease in subendocardial flow (endo/epi=0.92). However, the absolute values for subendocardial flow in the normal, compensated, and failure groups were 77±54, 125 ±48, and 113±64 ml/min/100 g; the stress-time indexes in the subendocardial shell were 38+11, 74±19, and 93 +34 g sec 102/cm2/min. Despite what appears to be a marginal balance between blood flow and the stress time index in the failure group, the myocardial high energy phosphates were not depleted and the inoptropic state was not depressed. In this model of LV hypertrophy, the observed differences in fiber shortening can be explained on the basis of the inverse afterloadshortening relation; pump failure was due to an inadequate LV hypertrophy with afterload excess. Pump failure due to afterload excess was associated with adequate subendocardial blood flow at rest; during exercise or other hemodynamic stress, however, these hearts are likely to be especially vulnerable to ischemia and its consequences. (Circulation 1989; 79:872-883) T he left ventricle adapts to a prolonged systolic pressure overload through a concentric hypertrophic process that results in an pump failure; we also attempted to separate afterload excess from depressed inotropic state as a primary mechanism underlying pump failure. A reduced coronary reserve that limits an adequate increase in myocardial blood flow during hemodynamic stress may be responsible for myocardial ischemia and depressed inotropic state that could contribute to pump failure in LV hypertrophy.9 11 Intermittent ischemia might reduce glycogen or energy stores, limit or attenuate the hypertrophic response, and eventually lead to myocardial fibrosis-all of which could contribute chronically to LV pump failure. Under basal conditions, myocardial blood flow (flow per gram of tissue) is not depressed in most hypertrophied hearts, but the normal transmural perfusion gradient may decline during the stress of rapid pacing or exercise; the ratio of endocardial to epicardial flow falls below unity. 1213 The failing hypertrophied heart may exhibit a similar relative subendocardial flow defect at rest despite an increase in absolute flow, which is presumably due to increased demands.14 Therefore, a second objective of our research was to measure the transmural distribution of myocardial blood flow and to relate these data to derived indexes of demand (systolic stress and a stress-time index), to ventricular function, and to tissue high-energy phosphates. In this manner, we tested the hypothesis that a relative decrease in subendocardial blood flow is not necessarily associated with an imbalance between demand and flow, a depression of myocardial inotropic state, or a depletion of high energy phosphates.
Methods
A nonconstricting aortic band was applied to the ascending aorta of 8-week-old puppies, and serial studies of LV chamber size, myocardial mass, and ventricular function were performed during the following 12 The puppies were anesthetized with sodium pentobarbital (25 mg/kg, intravenously) and ventilated with a mechanical respirator. A right thoracotomy was performed through the third right intercostal space, the pericardium was opened, and the aorta was dissected free from the periaortic fat and connective tissue. A 5-mm wide polyethylene nonconstricting band was placed around the aorta approximately 2 cm above the aortic valve. In our initial studies, LV and aortic pressures were measured during application of the band. With slight traction on the band, we could produce a palpable thrill and 10-20 mm Hg pressure gradient across the area of the band; on release of traction, the pressure gradient was abolished. Based on this experience, we later discontinued pressure monitoring and simply placed the bands with no palpable thrill and no apparent constriction. After the banding procedure, the pericardium was loosely approximated, the thoracotomy was closed, and the pleural space was evacuated of air with a chest tube and suction. The animals recovered and serial echocardiographic studies were performed in the subsequent months. Five normal littermate puppies served as a control group.
Echocardiography
Each dog was lightly sedated with acepromazine (0.05-0.1 mg/kg i.v.) and suspended in a commercially available nylon sling (Chatham). Twodimensional and M-mode echocardiographic LV studies (model SSH-1OA, Toshiba, and model V-3280 B, Honeywell Electronics for Medicine) were obtained from the right parasternal area; the shortaxis view including the minor axis dimension and wall thickness were readily visualized in all dogs, but the long axis of the LV chamber was not available in all dogs. These methods are similar to those reported by Morioka and Simon.15 Echocardiographic studies were performed at 3-month intervals in all dogs and at 1-or 2-month intervals in most. At 6 and 12 months, the echocardiographic studies were performed during left heart catheterization ( Figure 1 End systolic stress was calculated by substituting end systolic pressure-geometry data in the stress equation. Wall stress at the instant of aortic valve opening was also calculated by substituting the appropriate pressure-geometry measurements. Mean systolic wall stress during ejection was approximated by calculating the area under the three stresstime coordinates; this mean ejection stress (or shortening load) was used as the afterload parameter in the stress-shortening analysis. Thus, we assessed changes in mean circumferential shortening relative to mean circumferential stress during shortening. An index of myocardial oxygen demand (a stresstime index) was calculated as the product of shortening load (the mean stress during shortening), the ejection period, and the heart rate (g sec-102/cm2/ min). Shortening load was calculated at the middle of the inner half of the LV wall (inner shell) and at the middle of the outer half of the LV wall (outer shell); as before, stress was calculated as a function of radius.18,19 Thus, a stress-time index for the inner and outer shells could be related to measurements of myocardial blood flow in the inner and outer shells.
Myocardial Blood Flow
Blood flow to the myocardium was determined by the radioactive microsphere technique.24'25 Approximately 3 million spheres (3M Co), 15 ,um in size, labeled with either 95Nb, 141Ce 46Sc, 103Ru, or 113Sn
were injected into the left ventricle over a 15-second interval for each measurement. Beginning 5 seconds before injection, a reference sample of arterial blood was withdrawn from the aortic catheter at a constant rate of 15 ml/min for 90 seconds. The spheres were suspended in 10% dextran with 1 drop polysorbate 90 (TWEEN 80). The suspension was then vibrated for at least 1 hour in an ultrasonic cleaner; the dose to be injected was drawn into a 3-ml plastic syringe already containing 5 ml saline solution (constantly rotated to minimize settling or clumping) and administered within 3 minutes. The isotope was rotated for each experiment. The heart was divided into four regions: the right and left atria, the right ventricular free wall, the interventricular septum, and the left ventricular free wall. The left ventricular free wall and interventricular septum was cut into rectangular blocks small enough to be sliced accurately into subendocardial and subepicardial halves. Reference blood samples and myocardial samples (3-4 g each) representing approximately two thirds of the total heart were counted for 10-20 minutes (minimum of 10,000 counts/sample) in a Packard series automatic gamma counting system, calibrated with '37Cs.
Blood flow to each myocardial sample (Qm) was computed as: Qm = Qr * Cm/Cr where Q, is reference blood flow (ml/min), Cm is counts/min of myocardial specimen, and C, is counts/ min of reference blood specimen. The blood flow from each myocardial section (ml/min) was divided by sample weight and expressed as milliliters per minute per gram of myocardium. Regional blood flow distribution was examined in four regions of the left ventricle: anterior and posterior portions of the interventricular septum as well as anterior and posterior portions of the LV free wall. Transmural blood flow distribution was also examined in the inner and outer half of the LV wall (subendocardial and subepicardial); this distribution was expressed in absolute numbers (ml/min/100 g) and also as a ratio of the subendocardial to subepicardial flow.
Biochemical Analysis
On the day after the 12-month catheterization study, the animals were anesthetized with sodium pentobarbitol (20 mg/kg) and ventilated with a mechanical respirator. A midline sternotomy was performed and the heart was placed on cardiopulmonary bypass. With a core biopsy tool connected to a suction device, a full-thickness sample of the LV free wall was taken and immediately frozen on dry ice. Each sample was divided equally into epicardial and endocardial halves, placed in liquid nitrogen, and stored for later determination of adenosine triphosphate (ATP) and creatine phosphate (CP); myocardial ATP and CP are expressed as micromoles per gram of dry tissue.26,27
Group Definitions and Data Analysis
Based on the 12-month hemodynamic (catheterechocardiography) data, the 16 banded animals were divided into two groups. Assignment to the first group required a normal fractional shortening (greater than 34%); this group (n = 10) was called LVH-compensated (LVH-C). A second group of six animals had reduced shortening; this group was called LVH-failure (LVH-F).
Data in the tables and text are presented as the mean±SD; the mean±SEM is used in the figures. The age and group effects were analyzed with a two-way analysis of variance; when appropriate, the Neuman-Keuls multiple sample comparison test was used to localize the significant differences.
Differences in myocardial blood flow to the endocardial and epicardial shells were compared with a paired t test. Differences were considered statistically significant if the p value was less than 0.05.
Results
Serial measurements of end-diastolic dimension, myocardial cross-sectional area, fractional shortening, and animal weight are shown in Table 1 ; pressure, geometry, and mass data from the 12- month studies are shown in Table 2 ; myocardial blood flow, the stress-time index, and high-energy phosphate data are shown in Table 3 . Left Ventricular Size and Mass The time course of change in LV minor axis dimension and myocardial cross-sectional area is Figure 2 . As the animals grew, the end-diastolic dimension increased significantly during each of the first three intervals, there were no significant changes in dimension after the 9-month measurement (during the fourth interval). The end-diastolic dimension in the LVH-F group was not significantly different from the control group. There was a tendency for the dimension in the LVH-C group to be less than that seen in the other two groups; these differences were statistically significant at 3, 6, 9, and 12 months (all, p<0.05). However, when dimension was normalized for body weight, there were no diflerences among the three groups (Figure 2) .
Myocardial cross-sectional area (CSA) increased significantly during the first two intervals in all three groups. Between 6 and 9 months, only the LVH TIME AFTER AORTIC BANDING (monthE groups demonstrated a continuing increase in CSA. After 9 months, there was no significant change in CSA. There was a significant difference in CSA between the control and LVH-C groups at 6, 9, and 12 months (all, p <0.05); CSA in the LVH-F group exceeded that seen in the other two groups at 3, 6, 9, and 12 months (all, p < 0.05). When the CSA was normalized for body weight, the differences among the three groups persisted (Figure 2 ). Left ventricular weight (autopsy at 12 months), expressed as an absolute value (g) or normalized for body weight (g/ kg), was substantially greater than normal in both groups with LVH; mass in the LVH-F group was greater than in the LVH-C group ( change in weight after 6 months. There were no significant differences among the three groups at baseline or at 3, 6, 9, and 12 months.
Left Ventricular Pressure
The LV pressure data are shown in Table 2 . The average LV systolic pressure was highest in the LVH-F group, but the difference between the LVH-C and LVH-F groups did not achieve statistical significance. The average values for peak (+) dP/ dt were essentially equal in the three groups. The average LV end-diastolic pressure was normal in the LVH-C group (8 ± 5 mm Hg) and elevated in the LVH-F group (25 ± 15 mm Hg). Fiber Shortening and Systolic Wall Stress Serial changes in circumferential fiber shortening (both endocardial and midwall) are shown in Table 1 and Figure 3 . At the time of the initial (baseline) study, there were no significant differences in endocardial or midwall shortening among the three groups. At 3 months and thereafter, there was a tendency for endocardial shortening in the LVH-C group to exceed that seen in the normal control group; this difference achieved statistical significance at 12 months. After 3 months, endocardial shortening in the LVH-F group progressively fell and was significantly less than normal at 6, 9, and 12 months.
In contrast to the endocardial measurements, midwall shortening in the LVH-C group declined and remained below that seen in the normal control Circumferentialfiber shortening is plotted against shortening load (mean stress during ejection). At 6 and 12 months, the compensated hearts (LVH-Comp, triangles) manifest increased shortening and a reduced load. The LVII-failure group (squares) exhibited a progressive increase in load and a decline in shortening. In this model ofLVH, differences in shortening appear to be due to differences in shortening load (afterload mismatch).
group; while the difference in the average values (LVH-C compared with control) was statistically significant at 6, 9, and 12 months, six of the 10 LVH-C dogs remained within the range of normal (>19%). Midwall shortening in the LVH-F group was significantly less than that seen in the control group at 3 months, (p<0.05) and remained significantly below normal thereafter; at 12 months, midwall shortening was less than the lower limit of normal in all six dogs.
Peak systolic, end-systolic, and mean ejection stress (shortening load) at 12 months after banding are shown on Table 2 . Peak and mean stresses in LVH-C were not significantly different from the average values for the normal control group; however, end-systolic stress was significantly less than normal. By contrast, the LVH-F group had significantly higher peak systolic stress compared with the control group; there was also a tendency for endsystolic stress and mean ejection stress to be higher than normal, but these differences did not achieve statistical significance. When the two LVH groups were compared, all three systolic stress parameters were significantly higher in the LVH-F group.
Afterload-shortening relations derived from the catheterization data are shown in Figure 4 . This analysis demonstrates a distinct inverse relation between load and shortening; the LVH-C group exhibits increased shortening at low shortening load, whereas the LVH-F group exhibits reduced shortening at high shortening load.
Myocardial Blood Flow and the Stress-Time Index
These data are shown in Table 3 and Figure 5 . When the transmural distribution of blood flow was examined, there was preferential flow to the suben- All three groups exhibited a transmural stress gradient with the highest values in the subendocardial shell. The stress-time index in the subendocardial shell was significantly higher than normal in the LVH-C group and the LVH-F group; the difference between the two groups with LVH did not achieve statistical significance. Likewise, there was a tendency for myocardial blood flow to be highest in the hypertrophied hearts (Table 3 ). The average values for the ratio of stress-time to myocardial blood flow (in the subendocardial shell) were 0.78 ± 0.26 in the normal control group, 0.67 ± 0.38 in the LVH-C group, and 0.97±0.42 in the LVH-F group; there were no significant differences among the three groups. These data indicate that there was no imbalance between demands and blood flow in the LVH-F group.
Tissue High-Energy Phosphates
These data are shown in Table 3 . There were no significant differences in CP or ATP among the three groups. Thus, in the presence of LV afterload excess, reduced fractional shortening, elevated end diastolic pressure, and marginal subendocardial perfusion, the LVH-F group did not exhibit depletion of myocardial high energy phosphates.
Discussion
The progression of pressure-overload LV hypertrophy from an initial phase of physiologic adaptation to the development of heart failure is a complex pathophysiologic process that is incompletely understood. Several experimental studies have been directed toward this area, but broad conclusions have been limited by difficulties with interrelating the results of different protocols in which a limited number of parameters was assessed. For example, Bache and associates have reported detailed measurements of myocardial perfusion in pressureoverload hypertrophy, but concomitant measures of wall stress and fiber shortening were not made.12-14 Similarly, Wisenbaugh and associates assessed changes in myosin ATPase activity in hypertrophied hearts, but the adequacy of myocardial perfusion in their model was not reported.6 Others have measured mechanical parameters but not myocardial perfusion or biochemistry.3 It is also difficult to assess whether different investigators have used hypertrophied hearts at a comparable phase in the progression from adaptation to failure. As hypertrophy develops, the transition from a state of adaptation to failure undoubtedly depends on the relation between myocyte growth and capillary growth, the adequacy of myocardial perfusion and energy metabolism, and the mechanical workload. Therefore, we designed the current study to measure LV size and function serially after aortic banding. Then, myocardial mechanics, perfusion, and metabolism were assessed and analyzed according to the presence or absence of LV "pump failure."
We report six principal findings of our experiments. 1) Twelve months after aortic banding, LV afterload excess was present in six of the 16 dogs; the LV end-diastolic pressure was elevated but there was no chamber dilatation. 2) As early as 3 months after banding, the six dogs that would eventually develop LV pump failure exhibited a larger LV mass and a lower midwall shortening than the group that remained compensated; abnormalities of midwall shortening were observed before endocardial shortening was significantly depressed.
3) The LVH-F group appeared to fall on the same load-shortening relation as the control and LVH-C groups suggesting that the pump failure in the LVH-F group was due to afterload excess, not a depression of inotropic state. 4) There was a relative redistribution of myocardial blood flow away from the endocardium in the LVH-F group, but the absolute values for subendocardial flow were not reduced. 5) The stresstime index was highest in the LVH-F group, but the ratio of stress-time to myocardial blood flow was not significantly different among the three groups. 6) Despite the presence of pump failure and marginal subendocardial blood flow, myocardial high energy phosphates were not depressed.
Model of Pressure-Overload Hypertrophy
When an aortic band is placed in young animals and concentric hypertrophy develops gradually, it is possible to obtain a substantial increase in LV mass; this, of course, depends on several factors, including the size of the band and the duration of the experimental protocol. One year after banding, our animals exhibited a 40-100% increase in the ratio of LV weight to body weight. Thus, the degree of LV hypertrophy in our animals is similar to that reported by others.3"10,14,28 Hypertrophy in this model represents the additive effects of physiologic hypertrophy (normal growth) and pathologic hypertrophy (pressure overload (Figure 2 ) illustrate a progressive increase in LV chamber dimension throughout the entire 12-month period of study, but most of this change occurred during the early months of the study when the animals were growing rapidly. In the group with compensated hypertrophy (LVH-C), the absolute measurements of chamber dimension were less than that seen in the other two groups, but when normalized for body size, there were no significant differences in chamber size among the three groups. Thus, there was no evidence for chamber dilatation in the group with failure (LVH-F).
The major increment in myocardial mass occurred within the first 6 months of study; between 6 and 9 months, the muscle CSA had reached a plateau in all three groups. In the dogs with LVH, myocardial mass (CSA by echocardiography and weight at autopsy) was substantially greater than normal at 1 year-even after normalization for body size; the highest values were found in the LVH-F group. This association between extreme LVH and LV pump dysfunction has been observed in clinicals and experimental studies,614 and it may be that the development of massive hypertrophy and eventually a stage of exhaustion and myocardial failure occurs in the hearts with the greatest hemodynamic burden (i.e., the highest values for systolic wall stress). As will be discussed below, the reduced shortening in our LVH-F group was due to afterload excess; we did not demonstrate a significant imbalance between the stress-time index and myocardial blood flow, nor was there a depletion of high-energy phosphates. We, therefore, conclude that these hearts had not yet entered a state of exhaustion.
Measurements of endocardial and midwall shortening revealed significant differences amongst the three groups as early as 3-6 months after banding (Figure 3) . Those in the LVH-C group exhibited a tendency toward increased endocardial shortening; this is analogous to the increased ejection fraction that is seen in patients with congenital valvular aortic stenosis.30,31 Based on an analysis of LV wall stress-shortening data from patients with valvular aortic stenosis30,31 and animals with aortic bands,32 '33 it appears that geometric changes in association with relatively low late systolic wall stress can account for this pattern of increased endocardial shortening in the presence of normal (or even marginally subnormal) shortening of the midwall fibers. Seven of the 10 animals in this LVH-C group exhibited midwall shortening values that were well within the range of normal (> 19%). By contrast, the group that eventually developed pump failure showed a progressive decline in midwall shortening that achieved statistical significance at three months and remained abnormal thereafter; at 12 months, the midwall shortening was abnormal in all six dogs. Values for endocardial shortening were not significantly lower than baseline until 6 months. Thus, the earliest detectable shortening abnormality in the LVH-F group was seen at the midwall.
Dumesnil and associates have indicated that endocardial shortening (and ejection fraction) is dependent not only on the average midwall fiber shortening but also on the geometry of the left ventricle; for a given extent of midwall shortening, the ejection fraction (endocardial shortening) will vary with the ratio of radius to thickness (or volume to mass) and, thus, systolic wall thickening in hypertrophic hearts contributes to ejection more than systolic thickening in normal hearts.34,35 Because we set out to assess shortening differences in hearts with widely differing geometry, we measured both endocardial and midwall length transients. We do, however, place a special significance on the midwall shortening in part because the fibers at the midwall are anatomically oriented in a circumferential direction and especially because our calculated values for midwall stress are oriented in the same direction as the fibers.
A conventional stress-shortening analysis, shown in Figure 4 , indicates that the differences in shortening between the LVH-C and LVH-F groups are primarily, if not entirely, due to differences in afterload. The unloading and increased shortening seen in our LVH-C group is similar to that described by Sasayama et a132 in their experimental studies of hypertrophy with "hyperfunction and normal inotropic state." By contrast, the LVH-F group exhibited increased load and depressed shortening. The average value for fractional shortening at 12 months was 29%; while significantly less than the average value for the normal group, this does not represent a substantial decline in shortening (as might occur with combined afterload excess and depressed inotropic state). Furthermore, the values for peak (+) dP/dt were essentially equal in the three groups; this also supports our impression that changes in inotropic state do not contribute in a major way to the observed differences in shortening.
Myocardial Blood Flow
The ascending aortic constriction model differs from the valvular stenosis model of LVH in that systolic pressure below the aortic band (and in the proximal coronary arteries) can be substantially higher in the former than in the latter. There is, however, no diastolic pressure gradient across the aortic band and, thus, diastolic perfusion pressure in the proximal coronary arteries is well within the range of normal (similar to or slightly higher than may be seen in valvular stenosis). Therefore, even though proximal or epicardial coronary pressure and flow during systole may differ in valvular and supravalvular stenosis, it appears that diastolic flow and transmural perfusion are similar in these two models and in LVH due to hypertension.36 Because myocardial blood flow occurs principally in diastole and the diastolic perfusion pressure was essentially normal in all three groups, the observed changes in the distribution of blood flow are not likely due to alterations in perfusion pressure that are peculiar to the aortic band model of pressureoverload hypertrophy.
Based on studies that indicate an elevated "minimal coronary vascular resistance" in LVH, it has generally been concluded that systolic pressure overload causes an increase in LV mass that is not matched by an appropriate functional growth of the coronary vasculature.36 Thus, myocardial blood flow under basal conditions may be adequate, but the stress of exercise or pacing tachycardia may produce an imbalance between flow and demand12 '13; experimental and clinical experience indicates that this functional deficit can result in myocardial ischemia or angina pectoris-even in patients with angiographically normal coronoary arteries. Thus, a loss of coronary vascular reserve might be responsible for myocardial ischemia and consequently to the development of LV failure. Until recently, however, there have been no published data on myocardial perfusion in hypertropic failing hearts.
As part of a series of seminal articles on myocardial perfusion in LV hypertrophy, Bache and associatesA4 have shown that failing hearts exhibit changes in myocardial blood flow that are similar to those seen during pacing or exercise stress in compensated hypertrophy. In four dogs with substantial hypertrophy and failure (elevated LV end-diastolic pressure), they found that the absolute values for myocardial blood flow were increased, presumably due to an increased myocardial oxygen demand associated with elevated systolic wall stress; despite a high total flow, the ratio of subendocardial to subepicardial flow (endo/epi) in the failing hearts was significantly less than normal. We, too, found a highly significant transmural redistribution of myocardial blood flow in the LVH-F group (endo/epi=0.92), but the ratio of demand to flow (i.e., stress-time/flow) was not significantly higher than normal. This would be expected to produce ischemia during exercise or other hemodynamic stress, unless there is increased arteriovenous oxygen extraction or increased efficiency of the subendocardial myocardium. Unfortunately, it was not possible to make measurements of subendocardial oxygen consumption or lactate extraction (or production). We 
